The long span asymmetric suspension bridge is widely constructed in the mountainous terrain. Due to the difference of the structural characteristics, the aerostatic stability of the asymmetric suspension bridge is different from that of the symmetrical structure. In this paper, the effect of the initial wind attack angle, the mean aerodynamic force coefficient, the main cable and the boom wind load, the height difference of the bridge tower support point on the aerostatic stability of the asymmetric suspension bridge are analyzed by incremental internal and external iteration method. The influence degree and mechanism of the above factors on the aerostatic stability of structures are obtained.
and the future will be built more. However, the study of the aerostatic stability of the main cable asymmetric suspension bridge is not perfect at present. In this paper, the nonlinear method is used to track the whole process of structural instability. Respectively, to change the different influence parameters to explore the asymmetric suspension bridge aerostatic stability factors and instability mechanism.
ANALYSIS THEORY OF STATIC WIND INSTABILITY OF LONG-SPAN SUSPENSION BRIDGE
The static wind instability process of suspension bridges is the coupling process of nonlinear load and geometric non-linearity [2] . At the initial wind attack angle, the three component acts on the structure to cause displacement, and the change of the structural displacement will cause the change of the wind attack angle, and then change the three-component force acting on the structure. Linear analysis method cannot be the whole process of structural instability tracking, and incremental internal and external double iterative method, as a non-linear method, can consider the coupling process [3] . In this paper, based on the analysis of the whole process to consider the impact of different factors, we use the incremental internal and external double iterative method.
According to the theory of stem space, the solution of the aerostatic stability problem of the suspension bridge can be attributed to solving the following nonlinear equations [4、5]   ( ) ( ) ( ), ( ), ( )
Where:
K -Geometric stiffness matrix and elastic stiffness matrix of the structure; G ,W -Structural self-weight and wind load;
-Effective wind attack angle; P -Three components.
(1), the static wind load and the structural stiffness matrix are all functions of the structural displacement, and the equation is non-linear. Commonly used methods are triangular series method, incremental method and incremental internal and external double iterative method. On the basis of the incremental method, the incremental iterative method is obtained. The nonlinear solution of the structure is carried out by inner layer iteration. The outer iteration is to find the equilibrium position of the structure under the influence of a certain wind speed [6] . Specific steps are as follows:
（1）Nonlinear solution of structure under the action of self-weight.
（2）The torsion angle of the stiffened beam is obtained, and the initial effective wind angle is obtained by superimposing the initial wind angle with the torsion angle. And then calculate the mean aerodynamic force coefficient of the stiffened beam section under the initial effective wind angle. 
（4）
In the current state, the Newton-Raphson iterative method is used to solve the problem.
（5）The mean value of the angular displacement of the adjacent two nodes is extracted and superimposed with the initial wind angle as the effective wind angle, and the mean aerodynamic force coefficient is calculated.
（6）Calculate the Euclidean norm of the mean aerodynamic force coefficient to determine whether it is less than the limit. （7）If the Euclidean norm of the mean aerodynamic force coefficient is greater than the limit, repeat steps (4) -(6) (outer iteration). If the number of iterations reaches the upper limit of the outer layer, the nonlinear calculation of the structure is difficult to converge at the wind speed at this stage, and the steps of step (4) - (6) are continued. If the step size is less than the limit, Less than the limit value, indicating the wind speed of the structure of the nonlinear calculation of convergence, according to the set step to the lower wind speed calculation, subordinate calculation of the number of iterations.
（8）Draw the displacement-wind speed curve of the structure.
ANALYSIS OF INFLUENCING FACTORS ON STATIC WIND INSTABILITY OF LONG SPAN ASYMMETRIC SUSPENSION BRIDGE

Engineering background
Using ANSYS APDL language to prepare the long-span suspension bridge aerostatic stability calculation program, we analyze a large span suspension bridge air static instability of the whole process. It is a single-span bridge towers steel box girder, the main cable span (166 + 628 + 166) m, two laterally arranged, 26m spacing, rise-span ratio 1/10, the standard sling along the bridge pitch is 12m. The main tower for the door frame structure, high tower limbs 153.5m (low tower limbs 138.5m high).
The axis coordinate system of the stiffened beam has the same direction as the unit coordinate system in ANSYS. Therefore, the resistance and lift are applied in the form of element load, and the lifting moment is loaded by the surface load. In order to keep the direction of the three-component force unchanged in the body axis coordinate system in the process of instability of the structure. The effect of structural deformation on the three-component force is calculated by the effective wind attack angle. The calculation of the mean aerodynamic force coefficient at the effective wind angle can be realized by using the linear interpolation function of table array. The next calculation (inner layer iteration) of the structure using the new three-component force after one iteration can be achieved by restarting the analysis. [7] .
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Influence of Initial Wind Attack Angle on Critical Wind Velocity
When calculating the wind load, the effective wind attack angle consists of the sum of the initial wind angle and the angle of the stiffening beam. Different initial wind attack angles will inevitably lead to different static wind loads. The attack angle of natural wind is usually less than ± 5 ° [ 8] . 
（1） The impact of negative attack angle
The critical wind speed at the initial attack angle of -5 ° ~ 0 ° is shown in Table  1 . With the change of the initial angle of attack, the change of lateral displacement, vertical displacement and torsion angle in the process of the aerostatic instability of stiffening beam is shown in Figs. 4 to 6. As shown in Table 1 and Figure 3 , with the increase of the initial negative angle of attack, the critical wind speed increases first and then decrease. The critical wind speed at -1 ° and -2 ° is increased by 14.29% and 5.04%, respectively, compared with 0°. It is shown that within a certain range, the negative initial angle of attack is beneficial to improve the aerostatic stability of the suspension bridge, but with the negative initial angle of attack continues to increase, the static stability of the structure will drop sharply.
As shown in Figure 4 , the trends of transverse displacement of stiffened beams under the other negative initial angle of attack is basically the same as 0°; and Figure 5~6 , when the negative attack angle increases, stiffened beam reversal displacement is negative, the vertical displacement is also a downwardly non-linear increase. 
（2） The impact of the positive angle of attack
When the initial attack angle is 0 ° ~ 5 °, the critical wind speed is shown in Table 2 . With the change of the initial angle of attack, the whole process of displacement in the process of static wind instability is shown in Fig. 8-10 . From Table 2 and Figure 7 , with the positive angle of attack increases, the critical wind speed is decreasing. The percentage of decrease is increasing, and when the initial angle of attack is 5°, the critical wind speed reaches a minimum of 81 m/s, which is reduced by 31.93%. It can be seen that the increase of the positive initial angle of attack will reduce the aerostatic stability of the asymmetric support suspension bridge. When the initial angle of attack is from 1° to 5° in Fig. 8 ~ 10 , the three kinds of displacements in the stiffening beam are basically the same in the process of instability. With the increase of the initial angle of attack, the deformation at the same wind speed increases; know from Figure 10 , with the positive angle of attack increases, downward vertical displacement of stiffening girder getting smaller and smaller at low wind speeds. Increasing trend downward vertical displacement at low wind speeds the disappearance of the initial angle of attack of 0°, upward vertical displacement has been increased at the attack angle of 5°
Influence of the mean aerodynamic force coefficient on Structural Stability
The mean aerodynamic force coefficient reflects the interaction between the structure and the wind field. In order to analyze the influence degree of each coefficient on the critical wind speed of the static wind, the numerical value of the mean aerodynamic force coefficient is modified to make the value of the coefficient become half and twice the original value. The aerostatic stability of the asymmetric support structure is analyzed at 0° initial wind angle.
（1）The influence of the resistance coefficient (1) Respectively, calculate the suspension bridge static wind instability critical wind speed under the resistance coefficient of the original value, the original value of half and the original value of two times, the results shown in Table 3 . The whole process of deformation in the front span of the stiffened beam before the instability under different resistance coefficients is compared and analyzed, as shown in Fig. 11-12 . From the table 3, the resistance coefficient has a certain influence on the critical wind speed. When the resistance coefficient is reduced to half of the original value, the critical wind speed will increase by 5.04%. When the resistance coefficient increases to twice the original value, the critical wind speed will be reduced by 5.88%. At the same time, the deformation of the stiffening beam ( Fig.  11 ~ 13) shows that the change of the resistance coefficient mainly affects the lateral displacement. When the resistance coefficient is half the original value, the lateral displacement decreases at all wind speeds. When the resistance coefficient increases by more than twice the original value, the lateral displacement increases significantly. For the torsion angle and vertical displacement, the influence of the resistance coefficient is very small below 100 m / s, which is negligible. The effect of the lift coefficient on the initial wind angle of 0 ° is changed by half and twice the original value. The critical wind speed of the structural instability is shown in Table 4 , and the whole process of deformation of each scheme in the process of instability is shown in Fig. 14-16 . It can be seen from Table 4 that the critical wind speed increases by 6.72% when the lift coefficient is reduced to half the original value, and the effect of the increase of the lift coefficient twice to the original value is similar to that of the resistance coefficient. From Fig. 14 to 15 , the change of the lift coefficient has little effect on the lateral displacement and the torsion angle at the wind speed before the instability. When the critical wind speed is reached and the lift coefficient is half the original value, lateral displacement and torsion angle increased by 59.3%, respectively, 68.24%. From Fig. 16 , the influence of the lift coefficient on the vertical displacement is very significant. The vertical displacement increases with the increase of the lift coefficient at all levels of wind speed, and the vertical displacement increase value is the most significant at V = 80m / s.
（2）The influence of the lift moment coefficient
The critical wind speed of static wind instability is shown in Table 5 according to the lift moment coefficient for the original value, the original value of 0.5 and 2 times the three programs to load. At the same time, the whole process of the deformation of the stiffening beam in the process of instability is shown in Fig. 17 to 19. From Table 5 , compared with other coefficients, the effect of the lift moment coefficient on the critical wind speed is more significant. With the increase of the lift moment coefficient, the aerostatic stability of the suspension bridge will be greatly reduced. At the same time, from Fig. 17 to 19 , the lift moment coefficient has an influence on each displacement of the stiffening beam in the process of instability. In Fig. 17 , the lateral displacement increases at the same wind speed as the lift moment coefficient increases. In Fig. 18 , when the coefficient is twice the original value, the critical wind speed is smaller. The torsion angle is larger than that of other cases at low wind speed. This is because the lifting moment is the main cause of the torsion of the stiffening beam. Therefore, the incensement of the lift moment coefficient inevitably increases the torsion angle. In Fig. 19 , when the lift moment coefficient is twice the original value, the vertical displacement changes when the wind speed is V = 80m / s, and the direction of displacement changes from downward to upward. When the coefficient is half of the original value, the direction of the vertical direction of upward changes.
Influence of wind load on the critical wind speed of main cable and boom
A large number of literatures show that the wind load on the suspension bridge tower has little effect on the stability of the structure, basically can be ignored, but the wind load on the cable can not be neglected [8] . In this section, three kinds of schemes are used to study the influence of the wind load on the static wind instability of the main cable and the boom. The scheme applies wind load to the stiffened beam only in scheme I. Wind load is applied to the stiffening beam and the main cable in scheme II. Wind load is applied to stiffening beams, main cables and boom in scheme III. The critical wind speed of the structure is shown in Table VI . It can be seen from Table 6 that the influence of the main cable wind load on the critical wind speed is larger and the critical wind speed is reduced by 2m / s in scheme II. And the critical wind speed after the application of the boom static wind load is similar to that of the scheme II. It can be seen that the wind load on the boom has very little impact on the overall static instability of suspension bridge. From the above figure, the trend of deformation in the process of the instability of the three schemes is basically the same. Fig. 20 shows that only the lateral deformation curve is slightly different when the stiffened beam load and the main wind load are applied, and the increase of the main wind load increases the lateral deformation of the structure. From Figures 21 and 22 , the torsional angle and vertical displacement process curves of the three schemes are basically the same, so whether consider the wind load on the main cable and the sling has little effect on the torsional angle and the vertical deformation.
The Influence of the rise-span ratio on the structural stability
The rise-span ratio is very important to the suspension bridge, and the variation of the rise-span ratio will affect the overall stiffness of the structure and so on, which will affect the aerostatic stability of the structure. The critical wind speed variation between 1/12 and 1/8 is shown in Table 7 . From Table 7 , the critical wind speed of the aerostatic instability is decreasing as the rise-span ratio decreases. Compared with 1/10 of the original design of the suspension bridge, the critical wind speed increases by 5.88% when the rise-span ratio is 1/8. And the critical wind speed decreases by 5.88% when the rise-span ratio is reduced to 1/12. The Figure 23 -25 shows the process of displacement of wind in each direction. curve. displacement curve.
From Fig. 23 , when the wind speed is less than 100m/s, the lateral displacement of the different rise-span ratio is the same at the same wind speed. When the wind speed continues to increase and approaches the critical wind speed, the lateral displacement increases with the decrease of rise-span ratio. In Fig. 24 , when the wind speed is less than 60m / s, the torsional displacement is the same. When the wind speed increases, the smaller the rise-span ratio is, the greater the torsional displacement is. Figure 25 shows that the vertical displacement of the stiffening beam in the same wind speed increases with the decrease of the rise-span ratio before the wind speed approaches the critical wind speed.
In this paper, the variation of the critical wind speed is 14m / s with the ratio of 1/8 to 1/12, which shows that the increase of the rise-span ratio in the reasonable range can improve the aerostatic stability of the suspension bridge.
Influence of height difference of bridge tower support on critical wind speed
Change the difference of the support point of the model, calculate the displacement and the critical wind speed of the whole process respectively. The influence of the height difference between the two main tower support points on the aerostatic stability is determined. The height difference between the two towers is 0m, 10m, 20m, 30m, 40m, and the variation of the critical wind speed is shown in Table 8 . In Table 8 , with the increase of the height difference between the two-main tower, the cable-like asymmetry is enhanced and the critical wind speed is decreasing, but the variation of the wind speed is very small. When the height difference between the two towers is 10m, the critical wind speed does not change, with the height difference increases the critical wind speed began to slow down, as shown in Figure 26 . Only change the height of the suspension bridge in the static wind instability process, the direction of the displacement changes shown in Figure 27 to 28: It can be seen from the above figure that the variation trend of the displacement of the stiffening beam is exactly the same in the process of the instability of the suspension bridge with different height of the tower, and the deformation of each direction is basically the same. It is shown that the asymmetry of cable form has little effect on the stability of suspension bridge. Therefore, as long as the height difference between the two towers does not exceed a certain range, it will not reduce the ability of suspension bridge to resist static wind load.
CONCLUSION
By changing the parameters considered in the aerostatic stability calculation program, the influence of each parameter on the aerostatic stability of the cable-shaped asymmetric suspension bridge is analyzed. The main conclusions are as follows [10] ： （1）With the increase of the initial wind attack angle, the positive and negative initial wind attack angle shows different laws. The aerostatic stability of the suspension bridge decreases with the increase of the angle of attack at the positive initial angle of attack. When the negative initial wind attack angle increases, the critical wind speed of the static instability will increase first and then decrease. A range of negative attack angles can improve the aerostatic stability.
（2）The mean aerodynamic force coefficient has different influence on the critical wind speed, and the lift moment coefficient is the main parameter that affects the aerostatic stability. With the increase of the lift moment coefficient, the stability of the structure is reduced.
（3）The aerostatic instability of the suspension bridge is mainly caused by the wind load of the stiffening beam, followed by the main cable wind load, and the influence of the sling and the main tower wind load on the aerostatic stability of the suspension bridge can be neglected.
（4）The critical wind speed is also decreasing with the decrease of the rise-span ratio. Indicating that in a certain range, the greater the rise-span ratio is, the better the aerostatic stability of the suspension bridge is.
（5 ）The height difference of the bridge tower support point increases, the critical wind speed of the suspension bridge is not changed too much, and the deformation of the stiffening beam is basically the same in the process of instability. It is shown that the influence of height difference of the bridge tower support point on the stability of the whole bridge is negligible in a certain range.
